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Abstract
Basing upon experience from performing double-dimensional reduction of the D =
11 supermembrane on AdS4 ×S7 background to Type IIA superstring on AdS4×CP3
we introduce Kaluza-Klein (partial) κ−symmetry gauge as a vanishing condition of
the contribution to the D = 11 supervielbein components tangent to D = 10 space-
time proportional to the differential of the coordinate parametrizing compact 11-th
space-time dimension, that is identified with the supermembrane world-volume com-
pact dimension. For AdS4 × S7 supermembrane Kaluza-Klein gauge removes half
Grassmann coordinates associated with 8 space-time supersymmetries, broken by the
AdS4×CP3 superbackground, by imposing D = 3 (anti-)Majorana condition on them.
The consideration relies on the realization of osp(4|8) isometry superalgebra of the
AdS4 × S7 superbackground as D = 3 N = 8 superconformal algebra. Requiring
further vanishing of the D = 10 dilaton leaves in the sector of broken supersymme-
tries just two Grassmann coordinates organized into D = 3 (anti-)Majorana spinor
that defines minimal SL(2,R)−covariant extension of the OSp(4|6)/(SO(1, 3)×U(3))
sigma-model. Among 4 possibilities of such a minimal extension we consider in detail
one, that corresponds to picking out D = 3 Majorana coordinate related to broken
Poincare supersymmetry, and show that the AdS4×CP3 superstring equations of mo-
tion in this partial κ−symmetry gauge are integrable. Also the relation between the
OSp(4|6)/(SO(1, 3)×U(3)) sigma-model and the AdS4×CP3 superstring is revisited.
1 Introduction
AdS/CFT correspondence [1], being explicit realization of the idea of duality between non-
Abelian gauge theories and strings, gives valuable information on non-perturbative dynamics
of a class of conformal field theories that is hard to obtain using other approaches. To date
the best explored instance of AdS/CFT correspondence provides dual description of the
D = 4 N = 4 supersymmetric Yang-Mills theory with U(N) gauge symmetry in terms of
D = 10 Type IIB string theory on the AdS5 × S5 superbackground with N units of the RR
5-form flux.
In [2] another explicit example of AdS/CFT duality was suggested stating that in the
’t Hooft limit D = 3 N = 6 superconformal Chern-Simons-matter theory, or ABJM theory
for short, can be described in terms of D = 10 Type IIA string theory on the AdS4 ×
CP
3 superbackground. This supergravity background, known since the mid of 80-s [3]-[5],
preserves 24 of 32 Type IIA supersymmetries that together with the SO(2, 3) × SU(4)
symmetry of AdS4×CP3 space-time form OSp(4|6) isometry supergroup of the AdS4×CP3
superspace. The fact that this superspace is non-maximally supersymmetric, as opposed to
the AdS5 × S5 one, makes the ABJM correspondence more difficult to investigate [6].
Maximal supersymmetry of the AdS5 × S5 superspace, combined with the SO(2, 4) ×
SO(6) symmetry of bosonic background into PSU(2, 2|4) supergroup, played a crucial role
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in construction of the Type IIB superstring action on that background. In [7], based on the
isomorphism between the AdS5 × S5 superspace and the PSU(2, 2|4)/(SO(1, 4)× SO(5))
supercoset manifold, a group-theoretic approach was proposed for constructing the super-
string action as a PSU(2, 2|4)/(SO(1, 4)× SO(5)) supercoset sigma-model. This approach
was further developed in [8]-[11], in particular the role of the discrete Z4 automorphism of
the background isometry superalgebra and the integrability of equations of motion have been
revealed.
Applicability of the supercoset approach to the AdS4 × CP3 superstring construction
appears to be limited to the subspace of AdS4 × CP3 superspace parametrized by all 10
space-time coordinates and only 24 of 32 anticommuting ones that are in one-to-one cor-
respondence with 24 supersymmetries of the background. This subspace is isomorphic to
the OSp(4|6)/(SO(1, 3)× U(3)) supercoset manifold and the sigma-model action on it was
constructed out of the osp(4|6)/(so(1, 3)× u(3)) Cartan forms in [12], [13]2. Although this
sigma-model action describes requisite number of physical degrees of freedom, has correct
bosonic limit and corresponding equations of motion are manifestly classically integrable one
cannot use it for the description of all string configurations [12], [15]. This is traced back
to the limitations that arise because the OSp(4|6)/(SO(1, 3)× U(3)) sigma-model action is
obtained by fixing 8 of 16 κ−symmetries in the Type IIA superstring action on AdS4×CP3
superspace constructed in [15].
The main difficulty in constructing the AdS4×CP3 superstring action [15] was the pres-
ence in complete superspace of 8 Grassmann coordinates associated with the broken super-
symmetries that is the distinctive feature of ABJM correspondence [2], as compared to the
AdS5/CFT4 one [1]. The AdS4×CP3 superspace is not isomorphic to a supercoset manifold
so another way of recovering the superstring action dependence on those 8 ’broken’ fermionic
coordinates had to be taken.
It is known [4], [5] that the AdS4 × CP3 background geometry can be obtained by di-
mensional reduction of the AdS4 × S7 one basing on the Hopf fibration realization of the
7-sphere S7 = CP3×S1. The AdS4×S7 superbackground supported by the non-zero 4-form
flux is maximally supersymmetric and on it the supermembrane can propagate. So it was
suggested in [12] that one can obtain the full-fledged AdS4×CP3 superstring action by per-
forming double-dimensional reduction of the AdS4 × S7 supermembrane action. Since the
AdS4×S7 superspace is isomorphic to the OSp(4|8)/(SO(1, 3)×SO(7)) supercoset manifold
the supermembrane action on it was constructed in Ref. [16] by generalizing the approach
of [7].
General prescription how to perform the double-dimensional reduction of D = 11 su-
permembrane action on a curved superbackground was elaborated in [17] (see also [18]).
It relies on identifying one of the target-space compact dimensions as the supermembrane
world-volume compact dimension, remaining 10 space-time dimensions then correspond to
the bosonic body of D = 10 Type IIA superspace. D = 11 Supervielbein and 3-form po-
tential are required to be of Kaluza-Klein (KK) ansatz form, i.e. not to depend on the
coordinate y of the selected 11-th dimension and also the D = 11 supervielbein components
tangent to D = 10 manifold, that are identified with the D = 10 Type IIA supervielbein
bosonic components, should not contain dy dependent terms. Whenever the latter condition
does not hold (as is the case for the AdS4 × S7 superspace), i.e. the D = 11 supervielbein
bosonic components tangent to D = 10 space-time acquire summands dyGmˆ
′
y , mˆ
′ = 0, ..., 9,
it is prescribed to perform the SO(1, 10) tangent-space Lorentz rotation to remove such
2Alternative way to describe the OSp(4|6)/(SO(1, 3)×U(3)) sigma-model using the pure spinor approach
was followed in [14].
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contributions. Its parameters are determined by Gmˆ
′
y making the structure of the resulting
Type IIA superstring action rather involved. That is why one can try to get rid of Gmˆ
′
y by
partially fixing, whenever possible, the κ−symmetry gauge freedom
Gmˆ
′
y |KK gauge = 0 (1.1)
that defines the KK gauge.
As we shall see for the AdS4×S7 supermembrane, where D = 10 vector Gmˆ′y has non-zero
components only in directions tangent to the AdS4 space-time and depends on the Grass-
mann coordinates related to 8 broken supersymmetries, such a gauge amounts to imposing
D = 3 (anti-)Majorana condition on those coordinates organized into a pair of SL(2,R)
spinors and their conjugates. Requiring further vanishing of the D = 10 dilaton leaves
just two out of 8 Grassmann coordinates from the broken supersymmetries sector that are
described by D = 3 (anti-)Majorana spinor.
Closer look on the κ−symmetry gauge fixing in the sector of broken supersymmetries3 of
the AdS4 × CP3 superspace is also motivated by the question whether integrable structure
of the OSp(4|6)/(SO(1, 3)× U(3)) supercoset sigma-model can be extended to incorporate
8 ’broken’ fermionic coordinates? Study of the integrable structure associated with the
full-fledged AdS4 × CP3 superstring was initiated in [19], where Lax representation of the
equations of motion for quadratic in all 24+8 fermions part of the AdS4 × CP3 superstring
action was found4. Since the integrable structure of the OSp(4|6)/(SO(1, 3)×U(3)) sigma-
model [12], [13] is well explored it is justified to consider corresponding Lax connection,
that is expressed in terms of the osp(4|6) Cartan forms, as the leading contribution to a
candidate Lax connection for the AdS4 × CP3 superstring in its expansion in the fermions
associated with the broken supersymmetries. In other words, in searching for the integrable
structure of complete AdS4×CP3 superstring one can try to take into account 24 fermionic
coordinates of the OSp(4|6)/(SO(1, 3) × U(3)) supercoset as a whole by assuming that
the Lax connection of AdS4 × CP3 superstring can be expressed as a series in remaining
8 ’broken’ fermions with the coefficients given either by the osp(4|6) Cartan forms or the
differentials of those 8 fermions. Realization of this line of reasoning has been started in [26],
where the OSp(4|6)/(SO(1, 3)×U(3)) supercoset Lax connection was extended by linear and
quadratic terms in all 8 ’broken’ fermions. It, however, appears rather difficult technically
to recover the whole series expansion. More feasible task is to trace the dependence of the
AdS4×CP3 superstring Lax connection on a part of ’broken’ fermions. From this viewpoint it
is natural first to identify what would be a minimal ’quantity’ in the broken supersymmetries
sector. Clearly this can be one of 8 ’broken’ fermionic coordinates. The disadvantage of
this identification is the lack of covariance. Hence, because the broken supersymmetries
sector is parametrized by two SL(2,R) spinor coordinates and their conjugates related to
the generators of broken super-Poincare and superconformal symmetries that enter D = 3
N = 8 superconformal algebra, it is possible to impose (anti-)Majorana condition on one
of those coordinates and gauge away another one. This allows to single out 4 minimal
SL(2,R)−covariant 1
4
fractions of broken supersymmetry. Then one can examine extension
3Geometry and integrable structures in this sector of the AdS4 ×CP3 superstring model were previously
investigated in Refs. [15], [19]. However, κ−symmetry gauge conditions for the full AdS4 ×CP3 superstring
action considered so far [20], [21] resembled those for the AdS5×S5 superstring [22], [23] and treated on equal
footing Grassmann coordinates associated with both unbroken and broken space-time supersymmetries.
4This quadratic in the Grassmann coordinates part of the superstring action is in fact known for arbitrary
superbackground [24]. Such an action for the AdS4 × CP3 superbackground was used [25] to calculate one-
loop corrections to the energies of classical spinnning strings before the complete action of Ref. [15] was
constructed.
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of the OSp(4|6)/(SO(1, 3)×U(3)) sigma-model Lax connection by each of those 1
4
fractions
of broken supersymmetry and gradually include interactions between them.
Above discussion advocates utility of the realization of osp(4|6) isometry superalgebra
of AdS4 × CP3 superbackground as D = 3 N = 6 superconformal algebra that is the
on-shell symmetry algebra of the ABJM gauge theory action [27]. In Ref. [28] we exam-
ined the OSp(4|6)/(SO(1, 3)×U(3)) sigma-model in conformal basis for constituent Cartan
forms, there was also obtained explicit expression for the sigma-model action by choos-
ing the OSp(4|6)/(SO(1, 3)× U(3)) supercoset representative parametrized by coordinates
associated with the generators of D = 3 N = 6 superconformal algebra. In particular, anti-
commuting coordinates have been organized into a pair of SL(2,R) 2-component spinors θµa
and ηµa, µ = 1, 2, a = 1, 2, 3 transforming in the fundamental representation of SU(3) that
correspond to super-Poincare Qaµ and superconformal symmetry S
µa generators and their
conjugates5. Analogously the osp(4|8) isometry superalgebra of AdS4×S7 superbackground
(and hidden strong coupling symmetry of ABJM gauge theory [2]) admits realization as
D = 3 N = 8 superconformal algebra with SO(8) R−symmetry generators in one of 8-
component spinor representations so that the fermionic generators OαA′ carry spinor indices
of Spin(1, 3) (α = 1, ..., 4) and Spin(8) (A′ = 1, ..., 8). These generators decompose into a
pair of SL(2,R) 2-component spinors QAµ , S
µA, A = 1, ..., 4 in 4 of SU(4) and their con-
jugates following the decomposition of the spinor representation of Spin(8) as 4 ⊕ 4¯. It
is these generators that are identified with the super-Poincare and superconformal symme-
try generators of D = 3 N = 8 superconformal algebra. Further decomposition of SU(4)
fundamental representation as 4 = 3 ⊕ 1 of SU(3) introduces 24 generators Qaµ, Sµa and
c.c. from the D = 3 N = 6 superconformal algebra. Remaining 8 fermionic generators Q4µ,
Sµ4 and c.c. correspond to super-Poincare and superconformal symmetries broken by the
AdS4 × CP3 superbackground6 and associated Grassmann coordinates θµ4 ≡ θµ, ηµ4 ≡ ηµ
extend the OSp(4|6)/(SO(1, 3) × U(3)) supercoset space to the AdS4 × CP3 superspace.
This is the group-theoretic setting of our consideration [21].
The outline of the paper is the following. In the next section we discuss features of
the double-dimensional reduction of D = 11 supermembrane on a curved superbackground
to the Type IIA superstring. Then we analyze consequences of the KK gauge imposition
for the AdS4 × S7 supermembrane and in Section 4 we introduce minimal extension of the
OSp(4|6)/(SO(1, 3) × U(3)) supercoset sigma-model. Section 5 contains conclusions and
Appendixes supply necessary data on osp(4|6) and osp(4|8) superalgebras and equations of
motion for the minimal extension the OSp(4|6)/(SO(1, 3)× U(3)) sigma-model by D = 3
Majorana coordinate related to the broken part of D = 3 N = 8 super-Poincare symmetry.
2 From supermembrane to superstring: Kaluza-Klein
gauge
D = 11 Supermembrane action on a curved superbackground [33]
Smembrane = −
∫
V
d3ξˆ
√
− det Eˆmˆ
iˆ
Eˆjˆmˆ + SWZmembrane (2.1)
5Previously such conformal-type parametrizations were used to examine the string/brane models involved
into the higher-dimensional examples of AdS/CFT correspondence [29]-[31], [23].
6Such a 24+8 decomposition of the osp(4|8) fermionic generators and associated coordinates is fulfilled
by two projectors introduced in [4] (see also [15]) that are determined by Ka¨hler 2-form of the CP3 manifold.
We consider particular convenient realization for this tensor such that these projectors diagonalize [32].
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is given by the sum of Nambu-Goto and Wess-Zumino (WZ) terms
SWZmembrane =
∫
M4
H(4), (2.2)
where the integration of the 4-form field strength H(4) = dA(3) is carried out over auxiliary
4-manifold M4, whose boundary coincides with the supermembrane world volume V . The
procedure of double-dimensional reduction [17], [18] consists in selecting one compact space-
like dimension in the target-space, that is labeled as 11-th one, and identifying it with the
compact dimension on the world volume parametrized by y ∈ [0, 2π). To fulfill the reduction
D = 11 supervielbein components are required not to depend on y and their dependence on
dy is restricted by the KK ansatz
Eˆmˆ(d) =
(
Eˆmˆ
′
Eˆ11
)
=
(
Emˆ
′
Φ(dy + A)
)
; Fˆ αˆ(d) = Eαˆ + Φ−1Eˆ11χαˆ, (2.3)
where mˆ = (mˆ′, 11) is the D = 11 vector index, mˆ′ = 0, 1, ..., 9 is the D = 10 vector index
and Greek letters αˆ, βˆ = 1, ..., 32 label D = 11 spinors. Emˆ
′
(d) and Eαˆ(d) are identified with
the D = 10 Type IIA supervielbein, Φ = e2φ/3 – with the dilaton φ, A(d) – with the RR
1-form potential and χαˆ – with the dilatino.
In practice it may happen, as is the case with the AdS4 × S7 superbackground isomor-
phic to the OSp(4|8)/(SO(1, 3)×SO(7)) supercoset manifold, that Eˆmˆ′ contains additional
summand proportional to dy
Eˆmˆ
′
(d) = Gmˆ
′
(d) + dyGmˆ
′
y . (2.4)
Then it is prescribed to bring supervielbein to the Kaluza-Klein ansatz form (2.3) by a
tangent-space Lorentz rotation
(LEˆ)mˆ
′
(d) = Lmˆ
′
nˆ′Eˆ
nˆ′ + Lmˆ
′
11Eˆ
11 = Emˆ
′
(d),
(LFˆ )αˆ(d) = Eαˆ + Φ−1L (LEˆ)
11χαˆ,
(2.5)
where
(LEˆ)11(d) = L11mˆ′Eˆ
mˆ′ + L1111Eˆ
11 = ΦL(dy + AL) (2.6)
and now (LEˆ)mˆ
′
is identified with the bosonic components Emˆ
′
of D = 10 supervielbein,
ΦL = e
2φ/3 is related to the dilaton field φ, while AL is the RR 1-form potential. The Lorentz
rotation matrix
||L|| =
(
Lmˆ
′
nˆ′ L
mˆ′
11
L11mˆ′ L
11
11
)
∈ SO(1, 10), Lαˆβˆ ∈ Spin(1, 10) (2.7)
is defined by the requirement of removing the dy-dependent summand in (LEˆ)mˆ
′
: Lmˆ
′
nˆ′G
nˆ′
y +
Lmˆ
′
11Φ = 0. So the entries of the matrix (2.7) are expressed in terms of G
mˆ′
y and Φ
Lmˆ
′
nˆ′ = δ
mˆ′
nˆ′ +
Φ−
√
Φ2+(Gy·Gy)
(Gy ·Gy)
√
Φ2+(Gy ·Gy)
Gmˆ
′
y Gynˆ′ , L
mˆ′
11 = − G
mˆ
′
y√
Φ2+(Gy·Gy)
,
L11mˆ′ =
G
ymˆ′√
Φ2+(Gy ·Gy)
, L1111 =
Φ√
Φ2+(Gy ·Gy)
(2.8)
(see [15], [21]). This Lorentz rotation significantly complicates the form of D = 10 super-
vielbein in the KK frame and the superstring action resulting from the reduction
S = −
∫
Σ
d2ξΦL
√
− detEmˆ′i Ejmˆ′ + SWZ , (2.9)
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where the WZ term
SWZ =
∫
M3
H(3) (2.10)
is determined by the field-strengthH(3) = dB(2) of NS-NS 2-form integrated over the auxiliary
3-manifoldM3 with the boundary given by the string world sheet Σ. The form of the Type
IIA superstring action (2.9) will simplify if we impose, whenever admissible, KK (partial)
κ−symmetry gauge
Gmˆ
′
y |KK gauge = 0. (2.11)
It is worthwhile to note that due to the tangent-space SO(1, 10) invariance of the induced
world-volume metric gˆiˆjˆ = Eˆ
mˆ
iˆ
Eˆjˆnˆ, that enters kinetic term of the supermembrane action
(2.1), and of the part of 4-form field strength
H(4) =
i
8
Fˆ αˆ ∧ gmˆnˆαˆβˆFˆβˆ ∧ Eˆmˆ ∧ Eˆnˆ + ..., (2.12)
where gmˆnˆαˆ
βˆ are Spin(1, 10) generators realized by D = 11 gamma-matrices, that generalizes
corresponding flat-background expression, for them there is no necessity to perform tangent-
space Lorentz rotation before the supermembrane reduction. This argument can be extended
to the whole AdS4 × S7 supermembrane action, for which
H(4) =
i
8
Fˆ αˆ ∧ gmˆnˆαˆβˆFˆβˆ ∧ Eˆmˆ ∧ Eˆnˆ +
1
4
εk′l′m′n′Eˆ
k′ ∧ Eˆl′ ∧ Eˆm′ ∧ Eˆn′, k′, l′ = 0, ..., 3 (2.13)
acquires the only additional summand proportional to the components of D = 4 Levi-Civita
tensor in the tangent space to AdS4 and the structure of the osp(4|8) isometry superalgebra is
such that only tangent to the AdS4 components of D = 11 supervielbein have dy-dependent
parts
Eˆm
′
(d) = Gm
′
(d) + dyGm
′
y . (2.14)
Thus the contribution of this summand to the NS-NS 3-form field strength is given by
1
4
εk′l′m′n′Eˆ
k′ ∧ Eˆl′ ∧ Eˆm′ ∧ Eˆn′ = 3
4
εk′l′m′n′G
k′ ∧Gl′ ∧Gm′ ∧ dyGn′y + ...
→ 3
4
εk′l′m′n′G
k′ ∧Gl′ ∧Gm′Gn′y .
(2.15)
Although this observation can simplify to certain extent the process of derivation and the
form of the resulting AdS4×CP3 superstring action, its structure, depending on Gm′y , remains
complicated highly non-linear, so that proper κ−symmetry gauge choice is required to sim-
plify it (see [20], [21]). As far as action functionals for other point-like and extended objects
in the AdS4×CP3 superspace are concerned, complete, i.e. Lorentz-rotated, expressions for
the supervielbein and RR forms should be used for their construction [15], [20].
3 Kaluza-Klein gauge for AdS4 × S7 supermembrane
To analyze consequences of the KK gauge imposition (2.11) for the AdS4×S7 supermembrane
and the AdS4 × CP3 superstring explicit form of Gm′y (2.14) is needed that can be derived
upon specifying the OSp(4|8)/(SO(1, 3)× SO(7)) representative compatible with the Hopf
fibration realization of the 7-sphere. Possible choice is provided by the OSp(4|6)/(SO(1, 3)×
U(3)) representative G ’dressed’ by the S1 fiber generator H and the generators of broken
supersymmetries Q4µ, Q¯µ4 and S
µ4, S¯µ4
Ĝ = G eyHeθ
µQ4
µ
+θ¯µQ¯µ4eηµS
µ4+η¯µS¯
µ
4 ∈ OSp(4|8)/(SO(1, 3)× SO(7)). (3.1)
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Let us note that Ĝ is the OSp(4|8)/(SO(1, 3)× SO(7)) representative considered in [21] to
derive the AdS4 × CP3 superstring action in AdS-light-cone gauge.
The representative G defines left-invariant osp(4|6) Cartan forms that in the conformal
basis decompose as follows
G −1dG = ωm(d)Pm + c
m(d)Km +∆(d)D + Ωa(d)T
a + Ωa(d)Ta
+ ωµa (d)Q
a
µ + ω¯
µa(d)Q¯µa + χµa(d)S
µa + χ¯aµ(d)S¯
µ
a
+ Gmn(d)Mmn + Ω˜a
b(d)V˜b
a + Ω˜b
b(d)V˜a
a.
(3.2)
Bosonic generators D, Pm, Km, Mmn belong to the conf3 algebra, while Ta, T
a, V˜b
a generate
the su(4) ∼ so(6) R−symmetry subalgebra of osp(4|6) superalgebra. Fermionic generators
Qaµ, Q¯µa and S
µa, S¯µa are D = 3 N = 6 super-Poincare and superconformal symmetry
generators respectively. Then the left-invariant osp(4|8) Cartan forms can be presented as
Ĝ −1dĜ = 1
2
(ωm(d) + cm(d))(Pm +Km) + ∆(d)D
+ 1
2
(Ωa(d) + Ω˜a(d))(T
a + T˜ a) + 1
2
(Ωa(d) + Ω˜a(d))(Ta + T˜a)
+ (h(d) + Ω˜b
b(d))(1
4
H + V˜a
a)
+ ωµa(d)Q
a
µ + ω
µ
4 (d)Q
4
µ + ω¯
µa(d)Q¯µa + ω¯
µ4(d)Q¯µ4
+ χµa(d)S
µa + χµ4(d)S
µ4 + χ¯aµ(d)S¯
µ
a + χ¯
4
µ(d)S¯
µ
4
+ Gmn(d)Mmn +
1
2
(ωm(d)− cm(d))(Pm −Km)
+ Ω˜a
b(d)V˜b
a − h(d)V˜aa + 14(3h(d)− Ω˜bb(d))H + Ωa4(d)V4a + Ω4a(d)Va4
+ 1
2
(Ωa(d)− Ω˜a(d))(T a − T˜ a) + 12(Ωa(d)− Ω˜a(d))(Ta − T˜a).
(3.3)
The first line contains generators Pm + Km = 2M0′m, D = −2M0′3 from the coset
so(2, 3)/so(1, 3) and the sixth line – generators Mmn,
1
2
(Km − Pm) = M3m forming the
so(1, 3) subalgebra of so(2, 3). Similarly the so(8) generators have been grouped according
to the decomposition on so(8)/so(7) = {Ta + T˜a, T a + T˜ a, 14H + V˜aa} (the second and third
lines) and so(7) = {V˜ba − 12δab V˜cc + 18δabH, Ta − T˜a, T a − T˜ a, Va4, V4a} (two last lines) perti-
nent to the AdS4 × S7 supermembrane description. We have expressed them in terms of
su(4) = {Ta, T a, V˜ba} and u(1) = {H} generators forming the su(4)⊕u(1) isometry algebra of
CP
3×S1, as well as T˜a, T˜ a, Va4, V4a generators that belong to the coset so(8)/(su(4)×u(1)).
Altogether they provide the realization of so(8) algebra as su(4)⊕u(1)⊕so(8)/(su(4)×u(1))
compatible with the Hopf fibration of 7-sphere relevant for the AdS4 × S7 supermembrane
reduction to the AdS4 × CP3 superstring. Details of the relation between both realizations
of the so(8) algebra, as well as commutation relations of osp(4|6) and osp(4|8) superalgebras
are given in Appendix A (see also [21])7. The first five lines in (3.3) include Cartan forms
that will be identified with the AdS4×S7 supervielbein components, while remaining Cartan
forms correspond to the so(1, 3)⊕so(7) connection. In (3.3) there have been underlined those
of the osp(4|6) Cartan forms (3.2) that, in addition to 24 ’unbroken’ Grassmann coordinates
of the supercoset OSp(4|6)/(SO(1, 3)×U(3)), acquire dependence on 8 ’broken’ coordinates
from (3.1).
7In Ref. [15] such a relation was given in conventional basis for D = 6 vectors and without specifying
explicitly the Ka¨hler 2-form on CP3. However, natural realization of the u(3) stability algebra of CP3 is
provided by the generators V˜a
b in 3× 3¯ representation of SU(3). Associated representation of D = 6 vectors
is in 3⊕ 3¯ basis, where there is evident choice for the Ka¨hler 2-form such that its contraction with the su(4)
generators constructed out of D = 6 chiral gamma-matrices is given by the diagonal 4× 4 matrix [32].
7
Using that the tangent to AdS4 components of the AdS4×S7 supervielbein are identified
with the Cartan forms 1
2
(ωm(d) + cm(d)), ∆(d) associated with the so(2, 3)/so(1, 3) coset
generators M0′m′
Eˆm
′
(d) =
(
Eˆm
Eˆ3
)
=
(
1
2
(ωm + cm)
−∆
)
(3.4)
and recalling the form of OSp(4|8)/(SO(1, 3)×SO(7)) supercoset representative (3.1), gives
that the corresponding dy−dependent terms (2.14)
Gm
′
y =
(
Gmy
G3y
)
=
(
1
2
(ωmy + c
m
y )
−∆y
)
, (3.5)
where ωmy , c
m
y and ∆y are dy-dependent parts of the corresponding Cartan forms, appear to
be functions of the ’broken’ fermionic coordinates only8. Explicit calculation yields
ωmy + c
m
y = 4[1− (ηη¯)2](θσmθ¯) + 4{1− i[(θη¯) + (θ¯η)]}(ησmη¯), ∆y = 2[(θ¯η)− (θη¯)] (3.6)
with the SL(2,R) spinor contractions defined by (ηη¯) = ηµη¯µ, (θσ
mθ¯) = θµσmµν θ¯
ν etc. D = 3
gamma-matrices σmµν are symmetric in spinor indices so (3.6) vanishes if Grassmann coordi-
nates satisfy (anti-)Majorana condition9
θ¯µ = sθµ, η¯µ = sηµ, s = ±1. (3.7)
Sign factors for θ and η coordinates are correlated to turn to zero ∆y.
Concentrating on the case s = 1 we use the same notation θµ and ηµ for the Grassmann
coordinates that satisfy D = 3 Majorana condition. Then the AdS4 × S7 supervielbein
bosonic components tangent to the AdS4 space-time acquire the form
Em(d) = G0
′m − i
2
εmklGkl[(θθ) + (ηη)]
− 2icn(θσnσ˜mη)− cm(θθ)(ηη)− i(dθσmθ + dησmη),
−E3(d) = [1 + 2i(θη)]∆ + iGmn(θσmnη) + 2i(dθη),
(3.8)
where G0
′m(d) = 1
2
(ωm + cm) and −∆(d) are tangent to the AdS4 components of the
OSp(4|6)/(SO(1, 3)× U(3)) supervielbein. Gmn(d) represents the so(1, 2) part of so(1, 3)
connection on the OSp(4|6)/(SO(1, 3) × U(3)) supercoset manifold. Tangent to the CP3
components of AdS4 × S7 supervielbein read
Ea(d) = i(Ωa + Ω˜a) = i[Ωa + 2χµaθ
µ − 2ωµaηµ − 2iχµaηµ(θθ)],
Ea(d) = i(Ωa + Ω˜a) = i[Ωa − 2χ¯aµθµ + 2ω¯µaηµ + 2iχ¯µaηµ(θθ)],
(3.9)
where the su(4)/u(3) Cartan forms Ωa(d), Ω
a(d) are identified with the CP3 part of
OSp(4|6)/(SO(1, 3) × U(3)) supervielbein, while Cartan forms ωµa (d) and χµa(d) related
to D = 3 N = 6 super-Poincare and superconformal symmetry generators are identified
with the OSp(4|6)/(SO(1, 3)× U(3)) supervielbein fermionic components. Because (3.6) is
zero in the KK gauge expressions (3.8), (3.9) coincide with the AdS4 × CP3 supervielbein
8This justifies why to find out restrictions imposed by the KK partial κ−symmetry gauge condition we
have not specified explicitly the form of OSp(4|6)/(SO(1, 3) × U(3)) supercoset representative. Possible
choice compatible with the realization of osp(4|6) superalgebra as D = 3 N = 6 superconformal algebra is
as given in [28], [21]. It results in parametrization of the AdS4 space-time by the Poincare coordinates.
9Our conventions for the spinor algebra are those of Refs. [28], [21].
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bosonic components and we removed hats to indicate this. The AdS4 × S7 supervielbein
component tangent to the S1 fiber of S7 = CP3 × S1 equals
Eˆ11(d) = h+ Ω˜b
b = Φ(dy + a) : Φ = 1− 4i(θη), a(d) = Φ−1Ω˜bb(d). (3.10)
Ω˜b
b(d) corresponds to the u(1) part of u(3) connection Ω˜a
b(d) on the OSp(4|6)/(SO(1, 3)×
U(3)) supermanifold and Φ = e2φ/3 determines the D = 10 dilaton. Fermionic components
of the AdS4 × S7 supervielbein
Fˆ αˆ(d) =

F¯ µA
F¯Aµ
F µA
FµA
 = f αˆ(d) + dyF αˆy (3.11)
in the KK gauge read
fµa (d) = ω
µ
a = ω
µ
a + iχ
µ
a(θθ),
fµ4 (d) = ω
µ
4 = dθ
µ − 2idθµ(θη) + 2iθµ(dθη)
+ 1
2
Gmnθνσmnν
µ +∆θµ − ωmσ˜µνm ην + iGmnηνσmnνµ(θθ),
Fy
µ
4 = ωy
µ
4 = 2iθ
µ
fµa(d) = χµa = χµa − 4iχνaηµθν + iωµa(ηη)− χµa(θθ)(ηη),
fµ4(d) = χµ4 = dηµ + 2iηµ(dθη) + cmσ
m
µνθ
ν − 1
2
Gmnσmnµ
νην −∆ηµ
+ icmσ
m
µνη
ν(θθ) + i
2
Gmnσmnµ
νθν(ηη) + 2i∆ηµ(θη),
Fyµ4 = χyµ4 = 2iηµ[1− 2i(θη)]
(3.12)
and c.c. From (3.11) one derives the AdS4 × CP3 supervielbein fermionic components and
dilatino (cf. (2.3))
Eαˆ(d) = f αˆ − aF αˆy , χαˆ = F αˆy . (3.13)
4 Minimal extension of the OSp(4|6)/(SO(1, 3)×U(3)) su-
percoset sigma-model
To further simplify the form of AdS4×S7 supervielbein (3.8)-(3.12) it is possible to addition-
ally require Φ = 1, i.e. vanishing of the D = 10 dilaton. This can be achieved in two ways:
either by setting ηµ = 0 or θµ = 0 that leads to minimal super-Poincare or superconformal
extension of the OSp(4|6)/(SO(1, 3)× U(3)) supercoset sigma-model by D = 3 Majorana
fermions. Consider in detail the first possibility. In this case bosonic part of the AdS4 × S7
supervielbein (3.8)-(3.10) acquires the form
Em(d) = G0
′m − i
2
εmklGkl(θθ)− idθσmθ, E3(d) = −∆,
Ea(d) = i(Ωa + 2χµaθ
µ), Ea(d) = i(Ωa − 2χ¯aµθµ)
(4.1)
and
Eˆ11 = dy + Ω˜a
a. (4.2)
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Fermionic non-zero components read
fµa (d) = ω
µ
a + iχ
µ
a(θθ),
fµ4 (d) = dθ
µ + 1
2
Gmnθνσmnν
µ +∆θµ,
Fy
µ
4 = 2iθ
µ
fµa(d) = χµa,
fµ4(d) = cmσ
m
µνθ
ν .
(4.3)
Eqs. (4.1)-(4.3) are used to derive action functional for the AdS4×CP3 superstring with the
κ−symmetry gauge freedom partially fixed in such a way that in the broken supersymmetries
sector there remains single D = 3 Majorana spinor coordinate θµ. In other words, one arrives
at the OSp(4|6)/(SO(1, 3)× U(3)) supercoset sigma-model extended by D = 3 Majorana
fermion related to the broken part of D = 3 N = 8 Poincare supersymmetry
S =
∫
Σ
d2ξ(Lkin + LWZ), (4.4)
where kinetic and WZ Lagrangians have the form
Lkin = −1
2
γij (Emi Ejm +∆i∆j − EiaEja) , (4.5)
LWZ = −1
2
(fµa + 2iΩaθ
µ) ∧ (f¯aµ − 2iΩaθµ)−
1
2
fµa ∧ f¯µa + (Ωa ∧ Ωa + 2iΩ˜aa ∧∆)(θθ). (4.6)
To obtain superstring equations of motion it is convenient to consider as independent
variation parameters the following combinations of the osp(4|6)/(so(1, 3) × u(3)) Cartan
forms (3.2)
G0
′m(d) =
1
2
(ωm + cm), ∆(d), (4.7)
related to the so(2, 3)/so(1, 3) generatorsM0′m′ that belong to the eigenspace with eigenvalue
−1 under the Z4 automorphism of osp(4|6) superalgebra, and
ω(1)
µ
a(d) =
1
2
(ωµa + iχ
µ
a), ω(3)
µ
a(d) =
1
2
(ωµa − iχµa) (4.8)
associated with the supergenerators Q(1)
a
µ and Q(3)
a
µ that have the Z4 eigenvalues i and
i3 = −i respectively. Details on the Z4−graded representation of the osp(4|6) superalgebra
are transferred to Appendix A. Motivation for choosing this basis for Cartan forms and
osp(4|6) generators is that the Lax connection of the OSp(4|6)/(SO(1, 3)×U(3)) supercoset
sigma-model [12], [13] takes concise form there, generic to sigma-models on other supercoset
manifolds with Z4-invariant isometry superalgebras [11],[34]-[36]. It is reasonable to assume
that it plays the role of leading contribution to the Lax connection of the AdS4×CP3 super-
string viewed as a series expansion in the ’broken’ Grassmann coordinates. Thus equations
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of motion read
δS
δG0′m(δ)
= ∂i(γ
ijGj
0′m) + 2γijGi
mnGj
0′
n + 2γ
ijGi
3m∆i
+ 2iω(1)
µ
a ∧ σmµν ω¯(1)νa − 2iω(3)µa ∧ σmµν ω¯(3)νa + ... = 0,
δS
δ∆(δ)
= ∂i(γ
ij∆j)− 2γijGi3mGj0′m + 2ω(1)µa ∧ ω¯(1)aµ + 2ω(3)µa ∧ ω¯(3)aµ + ... = 0,
δS
δΩa(δ)
= 1
2
∂i(γ
ijΩj
a) + i
2
γijΩi
b(Ω˜jb
a + δab Ω˜jc
c)
− iεabcω(1)µb ∧ ω(1)µc − iεabcω(3)µb ∧ ω(3)µc + ... = 0,
δS
δω¯(1)aµ(δ)
= −2iV ij+ Gi0′mσ˜µνm ω(1)jνa − 2V ij+ ∆iω(1)jµa + 2iV ij+ εabcΩibω¯(1)jµc + ... = 0,
δS
δω¯(3)aµ(δ)
= −2iV ij− Gi0′mσ˜µνm ω(3)jνa + 2V ij− ∆iω(3)jµa − 2iV ij− εabcΩibω¯(3)jµc + ... = 0,
(4.9)
where V ij± = γ
ij ± εij are world-sheet projectors and G3m(d) = 1
2
(cm−ωm) are Cartan forms
related to the generatorsM3m from the so(1, 3) stability algebra of AdS4. Eqs. (4.9) represent
the OSp(4|6)/(SO(1, 3) × U(3)) supercoset sigma-model equations [12], [13] deformed by
linear and quadratic contributions in θµ and its differential. Their form is rather complicated
so we relegated complete expressions to Appendix B. Similarly equations of motion for the
fermionic coordinates from the broken supersymmetries sector can be presented as a series
in θµ and its differential (see Appendix B). In the main text we only reproduce leading
θ−independent terms
δS
δθµ
= γij(Ωiaχ¯j
µa − Ωiaχjµa) + i(Ωa ∧ ωµa + Ωa ∧ ω¯µa) + ... = 0,
δS
δξµ
= iγij(Ωiaχ¯j
µa + Ωi
aχj
µ
a) + Ω
a ∧ ωµa − Ωa ∧ ω¯µa + ... = 0,
δS
δηµ
+ δS
δη¯µ
= γij(Ωi
aωj
µ
a − Ωiaω¯jµa) + i(Ωa ∧ χµa + Ωa ∧ χ¯µa) + ... = 0,
δS
δηµ
− δS
δη¯µ
= γij(Ωi
aωj
µ
a + Ωiaω¯j
µa) + i(Ωa ∧ χµa − Ωa ∧ χ¯µa) + ... = 0,
(4.10)
where coordinate ξµ = − i
2
(θµ− θ¯µ) satisfies Majorana condition corresponding to the choice
s = −1 in (3.7). Eqs. (4.10) deserve a comment. When 8 ’broken’ fermions are put to zero,
that is the partial κ−symmetry gauge condition used to obtain the OSp(4|6)/(SO(1, 3)×
U(3)) sigma-model Lagrangian [12], [13] from the complete one of the AdS4×CP3 superstring
[15], Eqs. (4.10) do not become trivial and at the same time they cannot be derived from the
supercoset sigma-model. Hence they should be added ’manually’ to the equations of motion
for the OSp(4|6)/(SO(1, 3) × U(3)) sigma-model in complete analogy with the Virasoro
constraints that complement equations derivable from the (super)string action in conformal
gauge for 2d auxiliary metric.
Above equations of motions (4.9), (4.10) (see also Appendix B) turn to zero curvature
2-form
dL − L ∧ L = 0 (4.11)
of the Lax connection
L(d) = Lso(2,3) + Lsu(4) + LF ∈ osp(4|6) (4.12)
that can be conveniently arranged as the sum of three terms. The first takes value in the
so(2, 3) algebra
Lso(2,3) = lmn(d)Mmn + b3m(d)M3m + a0′m(d)M0′m + f(d)D ∈ so(2, 3) (4.13)
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with the 1-form coefficients
lmn = Gmn + iℓ2ε
mnk(ℓ2G
0′
k + ℓ1 ∗G0′k)(θθ),
b3m = 2G3m,
a0
′m = 2ℓ1G
0′m + 2ℓ2 ∗
[
G0
′m − i(dθσmθ)− i
2
εmnkGnk(θθ)
]
,
f = ℓ1∆+ ℓ2 ∗∆+ 2iℓ2Ω˜aa(θθ).
(4.14)
The star ∗ denotes 2d Hodge dual of a 1-form ∗ai = εijγjkak = γijεjkak. The second
summand in (4.12) belongs to the su(4) isometry algebra of CP3 manifold
Lsu(4) = wab(d)V˜ba + wbb(d)V˜aa + ya(d)Ta + y¯a(d)T a ∈ su(4), (4.15)
where
wa
b = Ω˜a
b − iℓ2δba(ℓ1∆+ ℓ2 ∗∆)(θθ),
ya = ℓ1Ω
a + ℓ2 ∗ Ωa − 2iℓ2ω¯aµθµ − 2ℓ2 ∗ χ¯aµθµ + 2ℓ2Ωa(θθ).
(4.16)
The last term is the linear combination of the supergenerators of osp(4|6) superalgebra
divided according to their Z4 eigenvalues
LF = ε(1)µa(d)Q(1)aµ + ε¯(1)µa(d)Q¯(1)µa + ε(3)µa(d)Q(3)aµ + ε¯(3)µa(d)Q¯(3)µa (4.17)
with the 1-form coefficients equal
ε(1)
µ
a = ℓ3ω(1)
µ
a − i2ℓ2ℓ4Ωaθµ − i2ℓ2ℓ4 ∗ Ωaθµ − 12ℓ2ℓ4ω(1)µa(θθ)− i2ℓ2ℓ4 ∗ χµa(θθ),
ε(3)
µ
a = ℓ4ω(3)
µ
a +
i
2
ℓ2ℓ3Ωaθ
µ − i
2
ℓ2ℓ3 ∗ Ωaθµ − 12ℓ2ℓ3ω(3)µa(θθ)− i2ℓ2ℓ3 ∗ χµa(θθ).
(4.18)
Parameters ℓ1, ℓ2, ℓ3 and ℓ4 are the same as those entering Lax connection of the
OSp(4|6)/(SO(1, 3)× U(3)) sigma-model [12], [13]. They satisfy the constraints
ℓ21 − ℓ22 = ℓ3ℓ4 = 1, (ℓ1 − ℓ2)ℓ4 = ℓ3, (ℓ1 + ℓ2)ℓ3 = ℓ4 (4.19)
that can be solved to recover dependence on a single spectral parameter, e.g. as follows
ℓ1 =
1
2
(
1
z2
+ z2
)
, ℓ2 =
1
2
(
1
z2
− z2
)
, ℓ3 = z, ℓ4 =
1
z
. (4.20)
At z = 1 Lax connection (4.12) reduces to the definition of Cartan forms (3.2) analo-
gously to the supercoset Lax connection. So the Lax connection of the minimal extension
of OSp(4|6)/(SO(1, 3)× U(3)) sigma-model by the Majorana fermion associated with the
broken part of Poincare supersymmetry includes linear and quadratic terms in θµ and its
differential and appears to correspond to the part of Lax connection [26] that takes into
account all 8 ’broken’ fermions up to quadratic order. As a result of gauging away 6 of the
fermionic coordinates from the broken supersymmetries sector Eq. (4.12) turns to be the
complete expression for the Lax connection with its curvature strictly equal zero.
5 Conclusion
Derivation of the AdS4×CP3 superstring action from the AdS4×S7 supermembrane [15], [20],
[21] provides important ’practical’ instance of application of the general scheme of double-
dimensional reduction [17], [18]. The structure of the AdS4 × S7 superspace, isomorphic to
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the OSp(4|8)/(SO(1, 3)×SO(7)) supercoset manifold, is such that the left-invariant Cartan
forms, identified with the tangent to AdS4 part of D = 11 supervielbein, acquire non-
trivial contributions Gm
′
y proportional to the differential dy of the coordinate parametrizing
compactification dimension in the space-time given by S1 fiber of the 7-sphere Hopf fibration
CP
3×S1 [4], [5]. This essentially complicates the form of AdS4×S7 supervielbein and hence
the AdS4 × CP3 superstring action.
That is why we have introduced KK (partial) κ−symmetry gauge as a condition of
vanishing of such contributions Gmˆy and analyzed its consequences for the AdS4 × S7 super-
membrane. For this purpose it is convenient to realize the osp(4|8) isometry superalgebra of
AdS4×S7 superbackground as D = 3 N = 8 superconformal algebra. As a result KK gauge
amounts to imposing (anti-)Majorana condition on D = 3 spinor coordinates θµ, θ¯µ and
ηµ, η¯µ associated with 8 fermionic generators from the osp(4|8) superalgebra corresponding
to Poincare and conformal supersymmetries broken by the AdS4 × CP3 superbackground.
Further simplification of the AdS4×CP3 superstring action is attained by settingD = 10 dila-
ton field to unity that retains in the broken supersymmetries sector single (anti-)Majorana
fermion associated with either Poincare or conformal supersymmetry. Among four possibil-
ities for choosing such a SL(2,R) spinor coordinate we have considered in detail one that
corresponds to D = 3 Majorana fermion θµ related to broken Poincare supersymmetry. This
yields minimal extension of the OSp(4|6)/(SO(1, 3) × U(3)) supercoset sigma-model [12],
[13]. Equations of motion of the AdS4 × CP3 superstring in such a partial κ−symmetry
gauge are integrable and can be obtained from the zero curvature condition for the Lax con-
nection that includes linear and quadratic terms in θµ and its differential. This connection
coincides with the part of Lax connection found in [26] that takes into account all 8 ’broken’
fermions up to quadratic order with the curvature turning to zero up to quadratic order also.
Residual κ−symmetry gauge freedom, remained upon imposing proposed gauge condi-
tions in the broken supersymmetries sector, may be used to remove also a part of the ’un-
broken’ fermions. Then the AdS4 × CP3 superstring action, including only the gauge-fixed
physical fermions, can be of use in studying the semiclassical quantization around particular
solutions to the equations of motion. The point is that the results, obtained shortly after the
ABJM conjecture [2] was put forward, on the one-loop corrections to spinning string energies
[25] revealed mismatch with the calculations based on the conjectured Bethe equations [37].
Further study [38]-[41] have not resulted in a completely satisfactory resolution, however,
more recently additional arguments have been given that support the Bethe ansatz based
calculation from the stringy perturbation theory [42]-[45]. The computation of the higher-
order corrections, that requires knowledge of the fermionic sector of AdS4×CP3 superstring
action beyond the quadratic order provided in [24] for a general background, might finally
settle the matter.
Quite analogously to the treated in detail case of the OSp(4|6)/(SO(1, 3)×U(3)) sigma-
model extended by the Majorana fermion related to broken Poincare supersymmetry, it is
possible to consider partial κ−symmetry gauges that single out three other D = 3 Majorana
spinor coordinates that can be viewed as various SL(2,R)−covariant 1
4
fractions of the broken
supersymmetry. This introduces certain hierarchy of the broken supersymmetries that can be
used to study integrability in various sectors of the AdS4×CP3 superstring model. Namely,
integrable structure associated with 1
4
fractions of the broken supersymmetry is presumably
described by the Lax connection of Ref. [26] quadratic in the ’broken’ fermions. Then one can
examine the possibility of its extension to the case of 1
2
fractions of the broken supersymmetry,
when a half of the Grassmann coordinates related to broken supersymmetry is retained upon
partial κ−symmetry gauge fixing. There arise 6 options. One can take either two Majorana
fermions or two anti-Majorana fermions associated with the broken Poincare and conformal
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supersymmetries. Both options are covered by the KK gauge (3.7). Alternatively it is
possible to choose Majorana fermion related to the broken Poincare supersymmetry and anti-
Majorana one related to the broken conformal supersymmetry and vice versa. Remaining
two options, namely, unconstrained spinor coordinates θµ and θ¯µ or ηµ and η¯µ (cf. (3.1))
correspond to the κ−symmetry gauge conditions of Ref. [20] restricted to the sector of broken
supersymmetries. If succeeded in proving integrability in these 6 subsectors, one can ’switch
on’ extra 1
4
fraction of broken supersymmetry to examine the case of 3
4
fractions and so
on. This will hopefully allow to learn more on the integrable structure of the AdS4 × CP3
superstring beyond the OSp(4|6)/(SO(1, 3)× U(3)) sigma-model.
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A osp(4|8) and osp(4|6) superalgebras
Both orthosymplectic superalgebras share bosonic subalgebra sp(4) ∼ so(2, 3)
[Mkl,Mmn] = ηknMlm − ηkmMln − ηlnMkm + ηlmMkn, k, l = 0′, 0, 1, 2, 3. (A.1)
Picking out the so(2, 3)/so(1, 3) coset generatorsM0′m′ ,m
′ = 0, 1, 2, 3, leads to the realization
of so(2, 3) algebra as Anti-de Sitter algebra ads4
[M0′m′ ,M0′n′ ] = Mm′n′ , [Mm′n′ ,M0′k′] = ηn′k′M0′m′ − ηm′k′M0′n′,
[Mk′l′,Mm′n′ ] = ηk′n′Ml′m′ − ηk′m′Ml′n′ − ηl′n′Mk′m′ + ηl′m′Mk′n′.
(A.2)
To consider another useful realization of the so(2, 3) algebra as D = 3 conformal algebra
introduce conformal group generators
D = −2M0′3, Pm = M0′m −M3m, Km =M0′m +M3m, m = 0, 1, 2. (A.3)
Then Eq. (A.1) acquires the form of conf3 algebra commutation relations
[D,Pm] = 2Pm, [D,Km] = −2Km, [Pm, Kn] = ηmnD + 2Mmn,
[Mmn, Pl] = ηnlPm − ηmlPn, [Mmn, Kl] = ηnlKm − ηmlKn,
[Mkl,Mmn] = ηknMlm − ηkmMln − ηlnMkm + ηlmMkn.
(A.4)
Commutation relations of the so(8) algebra, that is another bosonic subalgebra of the
osp(4|8) superalgebra, in the vector form read
[VIJ , VKL] = δILVJK − δIKVJL − δJLVIK + δJKVIL, I, J = 1, ..., 8. (A.5)
The so(8) generators admit decomposition on the so(8)/so(7) coset generators V8I′, I
′ =
1, ..., 7 and the generators VI′J ′ of the so(7) stability group of the 7-sphere
[V8I′ , V8J ′] = −VI′J ′, [VI′J ′, V8K ′] = δJ ′K ′V8I′ − δI′K ′V8J ′ ,
[VI′J ′, VK ′L′ ] = δI′L′VJ ′K ′ − δI′K ′VJ ′L′ − δJ ′L′VI′K ′ + δJ ′K ′VI′L′ .
(A.6)
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Further one can present the so(8) algebra commutation relations retaining manifest only
so(6) covariance
[V87, V7I ] = V8I , [V87, V8I ] = −V7I , [V7I , V7J ] = [V8I , V8J ] = −VIJ ,
[V7I , V8J ] = δIJV87, [VIJ , V7(8)K ] = δJKV7(8)I − δIKV7(8)J ,
[VIJ , VKL] = δILVJK − δIKVJL − δJLVIK + δJKVIL,
(A.7)
where VIJ are generators of the so(6) R−symmetry subalgebra of osp(4|6) superalgebra.
Generators V7I , V8I and VIJ can be written in the form corresponding to the decomposition
of SO(6) representations under SU(3) as
VA
B =
i
4
ρIJA
BV IJ =
(
Va
b Va
4
V4
b V4
4
)
, V4
4 = −Vaa, a = 1, 2, 3. (A.8)
and
V7I = (V7a, V7
a), V8I = (V8a, V8
a). (A.9)
To describe the Hopf fibration realization of the 7-sphere at the level of so(8) algebra
one cannot directly identify the so(8)/so(7) coset generators V8I′ = (V8a, V8
a, V87) with the
su(4)/u(3) generators from the CP3 manifold isometry algebra and u(1) generator of the
S1 fiber of S7 = CP3 × S1 because the commutator of V8I with itself closes on the so(6)
generators rather than u(3) generators Va
b and V87 does not commute with V8I (see (A.7)).
That is why it is necessary to make the basis change for the so(8) generators:
Ta =
1
2
(V7a − iV8a), T a = −1
2
(V7
a + iV8
a), V˜a
b = Va
b − 1
2
δbaVc
c +
1
4
δbaV87. (A.10)
Commutation relations of the generators (A.10) reproduce the su(4) isometry algebra of CP3
[Ta, T
b] = i(V˜a
b + δbaV˜c
c), [Ta, V˜b
c] = −iδcaTb, [T a, V˜bc] = iδabT c,
[V˜a
b, V˜c
d] = i(δbcV˜a
d − δdaV˜cb)
(A.11)
and the S1 generator
H = V87 + 2Va
a (A.12)
commutes with them. Remaining so(8) generators
T˜a = −1
2
(V7a + iV8a), T˜
a =
1
2
(V7
a − iV8a) (A.13)
and Va
4, V4
a are associated with the coset so(8)/(su(4)×u(1)). Their commutation relations
with the su(4)⊕ u(1) generators (A.10), (A.12) can be found in Appendix B of [21].
Inverse transformation allows to express in terms of the generators (A.10), (A.12), (A.13)
those of the so(8)/so(7) coset
V8a = i(Ta + T˜a), V8
a = i(T a + T˜ a), V87 = V˜a
a +
1
4
H (A.14)
and the so(7) stability algebra of the 7-sphere
V7a = Ta − T˜a, V7a = −T a + T˜ a, Vab = V˜ab − 1
2
δbaV˜c
c +
1
8
δbaH. (A.15)
15
Among 32 fermionic generators of the osp(4|8) superalgebra, realized as D = 3 N = 8
superconformal algebra, 24 generators Qaµ, Q¯µa and S
µa, S¯µa belong to D = 3 N = 6
superconformal algebra and satisfy the following non-trivial anticommutation relations
{Qaµ, Q¯νb} = 2iδabσmµνPm, {Sµa, S¯νb } = 2iδab σ˜mµνKm,
{Qaµ, S¯νb } = −iδab δνµD + iδabσmnµνMmn − 2δνµ(V˜ba − δab V˜cc),
{Q¯µa, Sνb} = −iδbaδνµD + iδbaσmnµνMmn + 2δνµ(V˜ab − δbaV˜cc),
{Qaµ, Sνb} = 2δνµεabcTc, {Q¯µa, S¯νb } = −2δνµεabcT c.
(A.16)
Remaining 8 generators Q4µ, Q¯µ4 and S
µ4, S¯µ4 correspond to D = 10 IIA supersymmetries
broken by the AdS4 × CP3 superbackground. Their anticommutation relations between
themselves and with the above 24 generators are given in Appendix B of [21].
To study integrability of the AdS4×CP3 superstring it is convenient to manifestly exhibit
Z4−graded structure of the osp(4|6) isometry superalgebra, in which the Lax connection
takes value. Commutation relations of the so(2, 3) algebra presented in the form of ads4
algebra (A.2) already have Z2−graded structure
ads4 = g
ads
(0) ⊕ gads(2) , gads(0) = {Mm′n′}, gads(2) = {M0′m′}. (A.17)
The gads(0) generators are invariant under the Z4 automorphism Υ, while those from the g
ads
(2)
eigenspace change the sign
Υ(gads(0) ) = i
0gads(0) , Υ(g
ads
(2) ) = i
2gads(2) . (A.18)
Analogously Z2 eigenvalues can be assigned to the su(4) generators (A.10)
su(4) = g
su(4)
(0) ⊕ gsu(4)(2) , gsu(4)(0) = {V˜ab}, gsu(4)(2) = {Ta, T a}. (A.19)
To bring anticommutation relations (A.16) between the fermionic generators of osp(4|6)
superalgebra to the Z4-graded form introduce their following combinations
Q(1)
a
µ = Q
a
µ+ iS
a
µ, Q¯(1)µa = Q¯µa− iS¯µa; Q(3)aµ = Qaµ− iSaµ, Q¯(3)µa = Q¯µa+ iS¯µa (A.20)
that belong to the eigenspaces g(1) and g(3) under the automorphism Υ
g(1) = {Q(1)aµ, Q¯(1)µa} : Υ(g(1)) = i1g(1); g(3) = {Q(3)aµ, Q¯(3)µa} : Υ(g(3)) = i3g(3). (A.21)
Then (A.16) acquires the form
{Q(1)aµ, Q¯(1)νb} = 4iδabσmµνM0′m + 2δab εµνD, {Q(3)aµ, Q¯(3)νb} = 4iδabσmµνM0′m − 2δab εµνD,
{Q(1)aµ, Q(1)bν} = −4iεµνεabcTc, {Q¯(1)µa, Q¯(1)νb} = −4iεµνεabcT c,
{Q(3)aµ, Q(3)bν} = 4iεµνεabcTc, {Q¯(3)µa, Q¯(3)νb} = 4iεµνεabcT c,
{Q(1)aµ, Q¯(3)νb} = −4iδabσmµνM3m − 2δabσmnµνMmn + 4iεµν(V˜ba − δab V˜cc),
{Q(3)aµ, Q¯(1)νb} = −4iδabσmµνM3m + 2δabσmnµνMmn − 4iεµν(V˜ba − δab V˜cc).
(A.22)
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The Z4-graded representation for the commutators of so(2, 3) generators with the
fermionic ones reads
[D,Q(1)
a
µ] = Q(3)
a
µ, [D,Q(3)
a
µ] = Q(1)
a
µ, [D, Q¯(1)µa] = Q¯(3)µa, [D, Q¯(3)µa] = Q¯(1)µa,
[M0′m, Q(1)
a
µ] =
i
2
σmµνQ(3)
νa, [M0′m, Q(3)
a
µ] = − i2σmµνQ(1)νa,
[M0′m, Q¯(1)µa] = − i2σmµνQ¯(3)νa, [M0′m, Q¯(3)µa] = i2σmµνQ¯(1)νa,
[Mmn, Q(1)
a
µ] =
1
2
σmnµ
νQ(1)
a
ν , [Mmn, Q(3)
a
µ] =
1
2
σmnµ
νQ(3)
a
ν ,
[Mmn, Q¯(1)µa] =
1
2
σmnµ
νQ¯(1)νa, [Mmn, Q¯(3)µa] =
1
2
σmnµ
νQ¯(3)νa,
[M3m, Q(1)
a
µ] = − i2σmµνQ(1)νa, [M3m, Q(3)aµ] = i2σmµνQ(3)νa,
[M3m, Q¯(1)µa] =
i
2
σmµνQ¯(1)
ν
a, [M3m, Q¯(3)µa] = − i2σmµνQ¯(3)νa.
(A.23)
Similarly it is possible to present in the Z4-graded form commutators of the su(4) gen-
erators (A.10) with the fermionic generators (A.20)
[T a, Q(1)
b
µ] = iε
abcQ¯(3)µc, [T
a, Q(3)
b
µ] = iε
abcQ¯(1)µc,
[Ta, Q¯(1)µb] = −iεabcQ(3)cµ, [Ta, Q¯(3)µb] = −iεabcQ(1)cµ,
[V˜a
b, Q(1)
c
µ] =
i
2
δbaQ(1)
c
µ − iδcaQ(1)bµ, [V˜ab, Q(3)cµ] = i2δbaQ(3)cµ − iδcaQ(3)bµ,
[V˜a
b, Q¯(1)µc] = − i2δbaQ¯(1)µc + iδbcQ¯(1)µa, [V˜ab, Q¯(3)µc] = − i2δbaQ¯(3)µc + iδbcQ¯(3)µa.
(A.24)
All in all, Eqs. (A.17), (A.19) and (A.21) correspond to the Z4−graded form of the
osp(4|6) superalgebra
osp(4|6) = g(0) ⊕ g(1) ⊕ g(2) ⊕ g(3) : Υ(g(k)) = ikg(k), (A.25)
such that (anti)commutation relations (A.2), (A.11), (A.22)-(A.24), used to calculate curva-
ture 2-form of the Lax connection (4.12), can be written in concise form as
[g(j), g(k)} = g(j+k mod 4). (A.26)
Non-trivial commutators of the bosonic and fermionic generators from the osp(4|8) su-
peralgebra that have not been presented here can be found in Appendix B of [21].
B Equations of motion for the minimal extension of
OSp(4|6)/(SO(1, 3) × U(3)) sigma-model by the Majo-
rana fermion associated with broken Poincare su-
persymmetry
This Appendix contains complete form of the equations of motion (4.9) that are used (to-
gether with the Maurer-Cartan equations [28], [21]) to prove vanishing of the curvature of
the Lax connection (4.12). They can be conveniently arranged as a series expansion in the
coordinate θµ and its differential dθµ
δS
δG0′m(δ)
= ∂i(γ
ijGj
0′m) + 2γijGi
mnGj
0′
n + 2γ
ijGi
3m∆j
+ 2iω(1)
µ
a ∧ σmµν ω¯(1)νa − 2iω(3)µa ∧ σmµν ω¯(3)νa
+ γij [Ωi
a(ωjaσ
mθ)− Ωia(ω¯ajσmθ)]− i[Ωa ∧ (χaσmθ) + Ωa ∧ (χ¯aσmθ)]
− i∂i
{
γij[(∂jθσ
mθ) + 1
2
εmnpGjnp(θθ)]
}− 2iγijGimn[(∂jθσnθ)
+ 1
2
εnprGj
pr(θθ)]+γij[(χiaσ
mω¯aj )−(ωiaσmχ¯aj )](θθ)−4iΩ˜aa ∧G3m(θθ) = 0;
(B.1)
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δS
δ∆(δ)
= ∂i(γ
ij∆j)− 2γijGi3mGj0′m + 2ω(1)µa ∧ ω¯(1)aµ + 2ω(3)µa ∧ ω¯(3)aµ
+ γij(Ωiaχ¯j
a
µθ
µ − Ωiaχjµaθµ) + i(Ωa ∧ ωµaθµ + Ωa ∧ ω¯µaθµ)
+ 2iγijGi
3m[(∂jθσmθ) +
1
2
εmnpGj
np(θθ)]− 2γijχiµa χ¯jaµ(θθ)
− 4iΩ˜aa ∧ (dθθ)− 2Ωa ∧ Ωa(θθ) + 2i(ωµa ∧ χ¯aµ + χµa ∧ ω¯aµ)(θθ) = 0;
(B.2)
δS
δΩa(δ)
= 1
2
∂i(γ
ijΩj
a)+ i
2
γijΩi
b(Ω˜jb
a+δab Ω˜jc
c)−iεabcω(1)µb ∧ω(1)µc−iεabcω(3)µb ∧ω(3)µc
− ∂i(γijχ¯jaµθµ)− iγijχ¯ibµθµ(Ω˜jba + δab Ω˜jcc) + iγijεabcΩibχjµcθµ
− id(ω¯µaθµ) + ω¯µbθµ ∧ (Ω˜ba + δab Ω˜cc) + εabcΩb ∧ ωµc θµ
+ 2(dθθ) ∧ Ωa + 2∆ ∧ Ωa(θθ) + 3εabcωµb ∧ χµc(θθ) = 0;
(B.3)
δS
δω¯(1)aµ(δ)
= −2iV ij+ Gi0′mσ˜µνm ω(1)jνa − 2V ij+ ∆iω(1)jµa + 2iV ij+ εabcΩibω¯(1)jµc
− i∂i(γijΩjaθµ)− γij(Ω˜iab − δbaΩ˜icc)Ωjbθµ
− iγijΩia(∆jθµ + 12Gjmnθνσmnνµ + icmj σ˜µνm θν) + 4iγijεabcω¯(1)iµbχ¯jcνθν
− iΩa ∧ [dθµ + (2iΩ˜bb −∆)θµ + 12Gmnθνσmnνµ − iωmσ˜µνm θν ]
+ εabcΩ
b ∧ Ωcθµ − 2iεabcω¯µb ∧ χ¯cνθν − εabcω¯νb ∧ ω¯cνθµ
− i∂i[γijχjµa(θθ)]− γij(Ω˜iab − δbaΩ˜icc)χjµb (θθ)− γijεabcΩibχ¯jµc(θθ)
+ 2iγijGi
0′mσ˜µνm ω(3)jνa(θθ)− iγijχiνa(∆jδµν + 12Gjmnσmnνµ − icmj εµρσmνρ)(θθ)
− 2γij(∂iθσmθ)σ˜µνm ω(1)jνa − γijεlmnGimnσ˜lµνω(1)jνa(θθ)
+ 2ω(3)
µ
a∧(dθθ)+4∆∧ω(3)µa(θθ)+4iΩ˜cc∧ω(1)µa(θθ)−6iεabcΩb∧ω¯(1)µc(θθ) = 0;
(B.4)
δS
δω¯(3)aµ(δ)
= −2iV ij− Gi0′mσ˜µνm ω(3)jνa + 2V ij− ∆iω(3)jµa − 2iV ij− εabcΩibω¯(3)jµc
+ i∂i(γ
ijΩjaθ
µ) + γij(Ω˜ia
b − δbaΩ˜icc)Ωjbθµ
+ iγijΩia(∆jθ
µ + 1
2
Gj
mnθνσmnν
µ − icmj σ˜µνm θν)− 4iγijεabcω¯(3)iµbχ¯jcνθν
− iΩa ∧ [dθµ + (2iΩ˜bb −∆)θµ + 12Gmnθνσmnνµ + iωmσ˜µνm θν ]
+ εabcΩ
b ∧ Ωcθµ − 2iεabcω¯µb ∧ χ¯cνθν + εabcω¯νb ∧ ω¯cνθµ
+ i∂i[γ
ijχj
µ
a(θθ)] + γ
ij(Ω˜ia
b − δbaΩ˜icc)χjµb (θθ) + γijεabcΩibχ¯jµc(θθ)
− 2iγijGi0′mσ˜µνm ω(1)jνa(θθ) + iγijχiνa(∆jδµν + 12Gjmnσmnνµ + icmj εµρσmνρ)(θθ)
− 2γij(∂jθσmθ)σ˜µνm ω(3)jνa − γijεlmnGimnσ˜µνl ω(3)jνa(θθ)
− 2ω(1)µa∧(dθθ)−4∆∧ω(1)µa(θθ)−4iΩ˜cc∧ω(3)µa(θθ)+6iεabcΩb∧ω¯(3)µc(θθ) = 0.
(B.5)
In a similar form one can present fermionic equations from the broken supersymmetries
sector (4.10)
δS
δθµ
= γij(Ωiaχ¯j
µa − Ωiaχjµa) + i(Ωa ∧ ωµa + Ωa ∧ ω¯µa)
− i∂i(γijG0′mj )σ˜µνm θν−2iγijG0′mi σ˜µνm ∂jθν−iγijεlmnGi0′ lGjmnθµ+2γijχiνaχ¯jaνθµ
+ 2(Ωa ∧ Ωa + 2i∆ ∧ Ω˜aa)θµ + i(ωνa ∧ χ¯aν + χνa ∧ ω¯aν)θµ
− γijGmni ∂jθνσmnνµ(θθ) + 32γij∂ijθµ(θθ)− 3γij(∂iθ∂jθ)θµ = 0;
(B.6)
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δS
δξµ
= iγij(Ωiaχ¯j
µa + Ωi
aχj
µ
a) + Ω
a ∧ ωµa − Ωa ∧ ω¯µa
− 4iγijΩ˜iaaGj0′mσ˜µνm θν + 2iγij(χiµa χ¯jνa + χiνaχ¯jµa)θν
− 2iG0′m ∧G3nθνσmnνµ − 2iG0′m ∧G3mθµ
− 2i∆ ∧ (dθµ + 1
2
Gmnθνσmnν
µ)− 2(ωµa ∧ χ¯νa + χνa ∧ ω¯µa)θν
+ i(Ωa ∧ χµa − Ωa ∧ χ¯µa)(θθ)
+ 6γijΩ˜ia
a∂jθ
µ(θθ)− 4G0′m ∧ σ˜µνm dθν(θθ) + cm ∧ σ˜µνm dθν(θθ) = 0;
(B.7)
δS
δηµ
+ δS
δη¯µ
= γij(Ωi
aωj
µ
a − Ωiaω¯jµa) + i(Ωa ∧ χµa + Ωa ∧ χ¯µa)
− 2iγijGi0′mGj3nθνσmnνµ − 2iγijGi0′mGj3mθµ − 2iγij∆i(∂jθµ
+ 1
2
Gj
mnθνσmnν
µ) + 2iγijΩiaΩj
aθµ + 2γij(ωi
µ
aχ¯j
νa − χiνaω¯jµa)θν
+ 4iΩ˜a
a ∧G0′mσ˜µνm θν + 2iχνa ∧ χ¯aνθµ
+ 3iγij(Ωi
aχj
µ
a − Ωiaχ¯jµa)(θθ)
− 2γijGi0′mσ˜µνm ∂jθν(θθ)− γijcmi σ˜µνm ∂jθν(θθ)− 6Ω˜aa ∧ dθµ(θθ) = 0;
(B.8)
δS
δηµ
− δS
δη¯µ
= γij(Ωi
aωj
µ
a + Ωiaω¯j
µa) + i(Ωa ∧ χµa − Ωa ∧ χ¯µa)
+ 4γij∆iΩ˜ja
aθµ + 2γij(ωi
µ
a χ¯j
νa + χi
ν
aω¯j
µa)θν
− 2G0′m ∧ σ˜µνm (dθν − 12Gklσklνλθλ) + 2∆ ∧G3mσ˜µνm θν − 2i(χµa ∧ χ¯νa + χνa ∧ χ¯µa)θν
+ iγij(Ωi
aχj
µ
a + Ωiaχ¯j
µa)(θθ)
− 2idθµ ∧ (dθθ) + i
2
εlmnGmn ∧ σ˜µνl dθν(θθ)− 3i∆ ∧ dθµ(θθ) = 0.
(B.9)
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